Orthonormal wavelet expansions are applied to atmospheric surface layer velocity measurements. The effect of intermittent events on the energy spectrum of the inertial subrange is investigated through analysis of wavelet coefficients. The local nature of the orthonormal wavelet transform in physical space makes it possible to identify a relationship between the inertial subrange slope of the local wavelet spectrum and a simple indicator (i.e. the local variance of the signal) of local intermittency buildup. The slope of the local wavelet energy spectrum in the inertial subrange is shown to be sensitive to the presence of intermittent events. During well developed intermittent events (coherent structures), the slope of the energy spectrum is somewhat steeper than -5/3, while in less active regions the slope is found to be flatter than -5/3. When the slopes of local wavelet spectra are ensemble averaged, a slope of -5/3 is recovered for the inertial subrange.
Introduction
During the past three decades, following the publication of Kolmogorov's refined similarity hypothesis in 1962, many studies have focused on the effect of intermittency on scaling laws in fully developed turbulence. A brief, general review of this research can be found in Mahrt and Howell (1994) . Praskovsky and Oncley (1994) , using a large number of atmospheric data sets, examined the effects of intermittency on the correlation function of energy dissipation and the energy spectrum of the longitudinal velocity component. While a correction in case of the correlation function has been reconfirmed experimentally (e.g. see Anselmet et al., 1984; Praskovsky and Oncley, 1994; Katul et al., 1994) , no measurable deviation from the -5/3 exponent in the inertial subrange spectrum was found. Since intermittency affects significantly the structure functions, it must have an impact on the slope of the energy spectrum too (although not necessarily in the inertial subrange); however, this latter case has not been confirmed by experiments. One explanation may be that generally this effect is too small for adequate identification in spectra (e.g. Praskovsky and Oncley, 1994; Mahrt and Howell, 1994) .
This paper focuses on the slope of the inertial subrange energy spectrum of streamwise atmospheric surface layer (ASL) velocities using discrete orthonormal wavelet transforms. The turbulence in the ASL is ideal for investigating Kolmogorov's original theory (1941, hereafter referred to as K41) and intermittency effects on K41, since the Reynolds number is typically very high and, accordingly, the scale of separation between the integral length scale (L) and the Kolmogorov microscale (7) is large (L/q M lo6 for ASL turbulent flows).
The use of wavelet transforms to investigate local exponents within the inertial subrange was carried out by Bacry et al. (1991) using wind-tunnel velocity measurements. Applying a continuous wavelet transform (Mexican hat wavelet), they found that the local scaling exponents of the velocity difference between two points vary between -0.5 to 1.0 with a mean of 0.33. They attributed this high variability in the local exponents to intermittency build up.
The application of wavelet transforms rather than Fourier transforms in this study is justified by the following considerations. If intermittency has an effect on the energy spectrum slope (which could be expected due to its proven effect on the correlation functions), then this effect should also depend on some measure of intermittency of the flow under investigation. Since turbulent intermittent events, by definition, are localized in space and time, it is natural to construct an analysis which is also localized in space (time). The wavelet transform is an obvious choice, since the wavelet coefficients at different scales are also localized, making it possible to derive local characteristics of the flow based on these coefficients. The Fourier spectrum is well localized in the frequency domain, but non-local in physical space. It can only be made local in physical space by chopping up the original signal into small segments with the help of a window function and applying Fourier transforms repeatedly on the separate or overlapping windowed segments (short-time Fourier transform) (e.g. see Cohen, 1995) . We note that the structure function offers similarly smooth inertial range scaling (Albertson et al., 1995) . However, a final and unique benefit of the wavelet transform is that its spatially distributed coefficients can also serve as a measure of local intermittency buildup.
Wavelet Transforms and Spectra
Here, for completeness, a brief overview of wavelet transforms and wavelet spectra is presented. Much of this material is discussed further in Katul et al. (1994) .
WAVELET TRANSFORMS
Wavelet transforms allow the decomposition of a signal into space and scale. While there are many types of wavelet transforms, they can all be classified as either continuous or discrete. Daubechies (1992) further classified the discrete wavelet transforms as either redundant discrete systems (also known as frames) or orthonormal wavelet expansions. Continuous wavelet transforms were introduced by Grossmann and Morlet (1984, 1985) and have been applied often to turbulence (e.g. Argoul et al., 1989; Everson et al., 1990; Liandrat and Moret-Bailly, 1990; Farge, 1992a,b) . Discrete wavelet transforms constructed from orthonormal wavelets (e.g.
